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ABSTRACT 

The  design  process  for  a  marine  vehicle  is 
essentially  an  iterative  process  where  different 
characteristics  and  parameters  are  modified 
until  the  optimum  compromise  is  achieved. 
However,  in  day  to  day  running  of  these  vehi¬ 
cles  we  notice  that  they  don’t  perform  as  well 
as  we  expect.  This  is  an  indication  that  some 
of  the  parameters  have  been  ignored  during 
the  design  process.  In  this  paper  it  is  sug¬ 
gested  that  when  designing  a  ship,  a  life  cycle 
analysis  should  be  carried  out.  Many  con¬ 
cepts  should  be  included  in  the  conceptual  de¬ 
sign,  which  include:  maintainability,  mainte¬ 
nance,  supportability,  reliability,  logistics  sup¬ 
port,  safety,  and  testing.  In  essence,  it  has 
been  found  that  Reliability,  Maintainability 
and  Supportability  (R/M/S),  as  design  char¬ 
acteristics  could  have  a  tremendous  impact  on 
the  ultimate  effectiveness  and  economic  sup¬ 
port  of  a  system  in  the  user  environment.  Fur¬ 
ther,  it  has  become  increasingly  evident  that 
R/M/S  considerations  are  not  adequately  ad¬ 
dressed  in  the  design  process.  If  considered 
at  all,  these  factors  are  introduced  “after-the- 
fact,”  which  can  be  a  costly  experience  should 
changes  be  required  at  this  stage. 

This  paper  proposes  a  new  approach 
to  design,  a  life  cycle  engineering  approach. 
which  presents  an  integrated  approach  for 
bringing  competitive  products  and  systems 
into  being  in  such  a  way  as  to  minimize  their 
deficiencies  and  life  cycle  cost.  This  involves 
the  integration  of  performance,  producibility, 
reliability,  maintainability,  manability  (hu¬ 
man  factor),  supportability  and  other  “ilities” 


into  the  overall  design  process.  It  would  bring 
R/M/S  to  the  front-end  of  design  of  a  new 
system  or  piece  of  equipment.  This  paper 
deals  primarily  with  application  of  the  above 
to  ships,  the  concepts,  however,  are  general 
and  can  be  equally  applied  to  other  types  of 
complex  technical  systems. 

INTRODUCTION 

Ship  design  is  amongst  the  professions 
which  were  dominated  by  tradition  more  than 
other  factors.  This  is  not  surprising  consider¬ 
ing  the  fact  that  history  of  ship  design  goes 
back  many  thousands  of  years  and  may  be  one 
of  the  reasons  for  this  industry  to  have  been 
reluctant  to  accept  new  concepts.  This  pic¬ 
ture,  however,  has  been  changing  very  rapidly. 
Changes  are  taking  place  as  a  result  of  tech¬ 
nological  advances,  especially  in  computing 
areas,  and  furthermore,  there  is  an  increas¬ 
ing  demand  by  the  ship  owners  and  operators 
for  more  availability  of  ships  (associated  with 
higher  reliability  and  lower  maintenance)  and 
the  governments  and  other  governing  bodies 
for  design  of  safer  vehicles. 

Changes  in  the  ship  design  process  can 
be  summarized  in  more  usage  of  digital  com¬ 
puters  to  conduct  various  tasks  involved  in 
the  design  process.  Computer  Aided  Design 
and  Manufacture  are  being  used  very  widely 
in  marine  vehicle  design.  Other  concepts  such 
as  reliability  analysis  are  also  being  imported 
from  other  industries,  specially  the  military 
sector,  where  high  reliability  of  systems  is 
paramount.  These  new  techniques  are  wel¬ 
comed  by  all  concerned,  as  they  help  the  de- 
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signers  and  manufacturers  to  perform  their 
tasks  more  efficiently,  and  in  this  respect  the 
industry  seems  to  have  responded  well  and 
be  on  the  natural  way  to  progress.  However, 
compared  to  other  industries,  with  similarities 
to  ship  design  (e.g  automobile  design,  aircraft 
design)  it  would  appear  that  we  are  lagging 
behind.  This  may  partly  due  to  the  risks  in¬ 
volved  in  a  total  or  partial  failure  of  a  ship 
and  partly  due  to  the  initial  capital  invest¬ 
ment  required  to  introduce  an  extra  amount 
of  work  in  the  ship  design  process. 

To  highlight  some  shortcomings  of  the 
classical  approach  to  ship  design  let  us  con¬ 
sider  some  questions  to  which  this  approach 
cannot  provide  satisfactory  answers. 

*  At  the  beginning  of  operation  a  marine 
vehicle  meets  its  performance  and  other 
legal  requirements;  but  will  it  continue  to 
perform  in  a  reliable  and  safe  manner  for 
the  period  required? 

*  If  it  should  fail,  is  it  maintainable  and 
can  it  be  supported? 

*  Can  the  vehicle  be  operated  and  main¬ 
tained  in  a  cost  effective  manner? 

When  dealing  with  a  ship’s  operational 
requirements,  there  are  many  questions  that 
must  be  considered.  In  most  cases  the  an¬ 
swers  to  the  above  questions  provided  by  ship 
designers  or  manufacturers  are  very  basic  and 
limited.  The  reason  for  this  is  the  dearth 
of  information  which  is  the  result  of  inade¬ 
quate  front-end  planning  and  lack  of  an  in¬ 
tegrated  approach  to  ship  design.  Often  the 
problems  associated  with  poor  effectiveness 
and  the  high  costs  of  operation  and  mainte¬ 
nance  support  are  the  consequences  of  deci¬ 
sions  made  in  the  early  stage  of  design. 

In  essence,  it  has  been  found  (specially 
in  the  aerospace  industry)  that  engineering 
disciplines  like  reliability,  maintainability  and 
supportability,  as  design  disciplines,  have  a 
tremendous  impact  on  the  ultimate  effective¬ 
ness  and  economic  support  of  a  system  in 
the  user  environment.  Further,  it  has  be¬ 


come  increasingly  evident  that  R/M/S  con¬ 
siderations  are  not  adequately  addressed  in 
the  design  process.  If  considered  at  all,  they 
are  introduced  at  such  a  late  stage  (“after- 
the-fact”),  which  can  be  a  costly  experience 
should  changes  be  required. 

Thus,  this  paper  proposes  application  of 
a  Life  Cycle  Analysis  Approach  to  ship  de¬ 
sign,  the  main  objective  of  which  is  to  bring 
a  competitive  marine  vehicle  into  being  in  a 
way  which  minimizes  their  operational  defi¬ 
ciencies  and  life  cycle  cost.  This  involves  the 
integration  of:  performance,  producibility,  re¬ 
liability,  maintainability,  manability,  support- 
ability  and  other  related  disciplines  into  the 
overall  design  process.  This  approach  brings 
R/M/S  to  the  front-end  of  design  process  of 
a  new  marine  vehicle. 

The  approach  proposed  here  alters  the 
traditional  view  of  design  and  supplements  it 
with  additional  tasks,  as  a  result  of  which  the 
available  information  for  decision  making  pro¬ 
cess  during  the  design  considerably  increases. 
The  gained  knowledge  will  also  reduce  the 
shortcomings  of  classical  approach  to  ship  de¬ 
sign  already  highlighted. 

LIFE  CYCLE  OF  A  SYSTEM 

Fundamental  to  any  engineering  design 
practice  is  an  understanding  of  the  cycle 
which  end  product  goes  through  during  its 
life.  The  life  cycle  of  a  system  or  product  be¬ 
gins  with  the  initial  identification  of  the  needs 
and  requirements  and  extends  through  plan¬ 
ning,  research,  design,  production,  evaluation, 
operation,  support,  maintenance  and  its  ulti¬ 
mate  phaseout  (see  Fig.  1).  The  above  phases 
are  common  to  all  engineering  systems  but 
certainly  the  scope  and  activities  performed 
in  each  of  them  would  depend  on  each  indi¬ 
vidual  system  considered. 

The  classical  approach  to  engineering 
looks  at  each  of  these  phases  as  separate  en¬ 
tities.  Designers  design  the  system,  produc¬ 
tion  team  produce  it,  operators  use  it,  main¬ 
tenance  engineers  perform  all  repairs  and  so 
forth,  without  adequate  interaction  and  feed- 
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back  between  these  groups  and  activities.  In¬ 
deed  some  of  the  operational  problems  associ¬ 
ated  with  ships  are  believed  to  stem  from  the 
lack  of  coordination,  contact  and  feedback  be¬ 
tween  the  above  mentioned  groups. 


Fig.  1  Life  Cycle 


Following  list  contains  some  of  the  tasks 
and  activities  performed  at  various  phases  of 
Life  Cycle: 

Design: 

*  Management 

*  Planning 

*  Research 

*  Engineering  design 

*  Documentation 

*  Software 

*  Scale  modelling 

*  Test  &  evaluation 

Production: 

*  Management 

*  Operational  analysis 

*  Manufacturing 


*  Assembling  &  construction 

*  Quality  assurance 

*  Initial  logistic  support 

*  Testing 

*  Delivery 

Use: 

*  Management 

*  Operation 

*  Distribution 

*  Maintenance 

*  Inventory  (spares  etc.) 

*  Training 

*  Technical  data 

*  Modification 

Retirement: 

*  Disposal  of  non-repairable  elements 

*  Phase-out 

*  Documentation 

It  is  suggested  here  that  a  classical  de¬ 
sign  team  which  consists  of  experts  for  various 
aspects  of  the  design  stage,  should  be  trans¬ 
formed  into  an  Integrated  Design  Team  (ITD) 
which  will  incorporate  other  technical  disci¬ 
plines  related  to  the  vehicle’s  life  cycle  (e.g. 
production  team,  operators  etc.). 

The  concept  of  life  cycle  design  proposes 
that  in  designing  a  complex  multi-element 
system  (such  as  a  ship  or  an  aircraft)  a  bet¬ 
ter  design,  from  the  point  of  view  of  minimum 
Life  Cycle  Cost  (LCC),  can  only  be  achieved 
by  considering  all  cost  categories  related  to 
the  complete  life  cycle  at  the  conceptual  stage 
of  design.  The  emphasis  in  more  detailed 
analysis  at  an  early  stage  is  primarily  due  to 
the  fact  that  at  this  stage  commitments  are 
minimal  and  changes  can  be  incorporated  at 
ease  and  low  cost  [I]  (see  Fig.  2).  This  tech¬ 
nique  has  already  proved  to  be  very  successful 
in  automobile  industry  [2], 

One  of  the  current  requirements  of  the 
Department  of  Defence  (USA)  is  that  LCC 
should  be  used  as  one  of  the  main  accep¬ 
tance  criteria  for  all  military  equipment.  It  is 
expected  that  the  U.K.  and  other  European 
countries  will  follow  the  U.S.  example  in  the 
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near  future. 

In  order  to  apply  the  life  cycle  cost  anal¬ 
ysis  to  ship  design  the  new  concepts  should 
be  introduced  into  the  existing  design  spiral. 

CURRENT  PRACTICE:  DESIGN 
FOR  FUNCTION  ABILITY 

The  main  objective  of  design  for  func¬ 
tion  ability  is  to  create  a  product  which  will 
perform  a  set  of  desired  functions  according 
to  specified  requirements.  In  order  to  rel¬ 
atively  achieve  this,  designers  select  all  the 
necessary  components  and  put  them  into  the 
proper  relationship  that  size,  weight,  volume, 
shape,  accuracy,  capacity,  speed  of  perfor¬ 
mance,  power  output  and  all  other  technical 
and  physical  characteristics  that  the  product 
must  possess  during  its  operational  life  are  rel¬ 
atively  satisfied.  The  ability  of  the  system 
to  perform  required  functions  under  specified 
conditions  is  defined  as  function  ability  [2]. 


Fig.  2  Actions  Affecting  Life  Cycle  Cost 


In  essence  design  for  function  ability  im¬ 
plies  that  at  commissioning  time  a  product 
should  satisfy  the  needs  and  requirements 
mentioned  above  including  safety  and  other 
legal  aspects.  Looking  at  ship  design  as  is 
practiced  today,  most  of  the  computing  facili¬ 
ties  are  used  only  to  speed  things  up  and  sat¬ 
isfy  function  ability.  Some  computer  packages 
are  now  available  in  the  market  which  do  per¬ 
form  tasks  which  can  be  considered  as  Com¬ 


puter  Aided  Design  (CAD)  in  the  true  sense 
(e.g.  designing  more  refined  hull  forms  us¬ 
ing  numerical  solutions  to  the  hydrodynamic 
equations).  One  major  problem  with  most  of 
these  packages  is  that  they  have  been  devel¬ 
oped  very  much  in  isolation  and  data  transfer 
and  integration  of  these  within  a  larger  CAD 
system  is  virtually  impossible  rendering  these 
packages,  although  very  useful  in  a  theoretical 
sense,  somewhat  useless.  Thus  when  develop¬ 
ing  such  computer  based  packages,  one  should 
take  into  account  the  existing  CAD  systems 
and  the  problem  of  data  transfer  in  and  out 
of  the  new  tools  being  developed.  Due  to 
economic  constraints  in  most  cases  the  con¬ 
ceptual  design  stage  is  a  short  and  speedy 
process.  Therefore  a  large  number  of  ques¬ 
tions  remain  unanswered  and  decisions  made 
are  based  on  incomplete  information,  with  the 
designers  confidence  mainly  based  on  the  pre¬ 
vious  designs  which  bear  similarities  to  the 
design  in  hand. 

A  difficult  part  in  any  engineering  de¬ 
sign  is  the  fact  that  as  it  proceeds,  various 
options  are  eliminated.  One  way  of  dealing 
with  this  problem  is  to  run  several  different 
options  in  parallel  (Di,  i  =  l,n,  in  figure 
3).  This  approach  would  have  been  ambitious 
and  probably  impractical  a  decade  ago,  how¬ 
ever,  it  is  now  possible  to  conduct  this  exercise 
using  powerful  computing  facilities  with  vast 
storage  area  at  a  reasonably  acceptable  cost. 
Hence  the  idea  of  a  design  spiral  still  holds, 
but  instead  of  one  spiral  we  would  have  a 
number  of  them  running  in  parallel  and  based 
on  various  options.  This  would  allow  decisions 
to  be  made  based  on  comparison  between  dif¬ 
ferent  design  options,  at  a  much  later  stage 
of  design  where  more  information  is  available. 
But  this  is  still  classical  design,  i.e.  design 
for  function  ability  which  does  not  provide  suf¬ 
ficient  information  regarding  the  operational 
efficiency  and  overall  life  cycle  cost  effective¬ 
ness  of  the  vehicle  under  consideration. 

DESIGN  FOR  LIFE 

The  design  process  described  above  is  a 
succession  of  events  and  iterations  through 
the  design  spiral  or  optimization  in  parallel, 
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both  of  which  are  not  satisfactory  because 
they  ignore  the  important  life  cycle  concepts. 
Some  of  them  are  described  below.  Detailed 
quantitative  descriptions  of  these  are  given  in 
references  [2]  and  [3]. 

Reliability 

The  characteristic  of  design  and  con¬ 
struction  concerned  with  the  successful  oper¬ 
ation  of  the  ship  throughout  its  operational 
life  are  known  as  the  reliability  characteris¬ 
tics.  Reliability  is  often  expressed  as  the  prob¬ 
ability  of  success  and  is  measured  in  terms  of 
MTBF  (mean  time  between  failures),  failure 
rate,  percentage  life  etc.  The  main  objective 
of  reliability  based  design  is  to  maximize  oper¬ 
ational  success.  As  a  result,  failures  are  min¬ 
imized. 

Maintainability 

The  characteristic  of  the  design  and  con¬ 
struction  that  is  concerned  with  the  ease, 
economy,  safety  and  accuracy  in  the  perfor¬ 
mance  of  maintenance  actions  is  known  as 
maintainability.  The  objective  of  maintain¬ 
ability  is  to  minimize  maintenance  times,  by 
providing  proper  accessibility,  diagnostic  fa¬ 
cilities,  and  standardization. 

Supportability 

This  characteristic  of  the  design  is  related 
to  requirements  needed  for  the  performance  of 
the  maintenance  tasks,  like:  equipment,  tools, 
facilities,  personnel,  software  and  supply.  The 
main  objective  of  the  supportability  analysis 
is  to  identify  and  minimize  the  support  re¬ 
sources  required  during  the  life  cycle. 

Manability  (human  factor) 

The  characteristics  of  the  design  that  is 
directed  toward  the  optimum  human-machine 
interface  (i.e.  ensuring  the  compatibility  be¬ 
tween  the  physical  system  and  functional  de¬ 
sign  features  and  the  “human  element”  in  the 
operation,  maintenance  and  support  of  the 
system  or  equipment)  is  “manability”.  Hu¬ 
man  factor  considerations  try  to  ease  the  use 


of  equipment  and  results  in  reducing  person¬ 
nel  skill  levels,  minimizing  training  require¬ 
ments,  and  minimizing  potential  personnel  er¬ 
ror  rates. 

Producibility 

The  characteristic  of  the  design  that  al¬ 
lows  for  the  effective  and  efficient  production 
of  one  or  a  multiple  quantity  of  items  of  a 
given  configuration  is  producibility.  The  ob¬ 
jective  is  to  minimize  resource  requirements 
(i.e.  human  resources,  materials,  facilities,  en¬ 
ergy)  during  the  production  process. 

Logistics  Support 

The  characteristic  of  the  design  directed 
towards  ensuring  that  the  ship  can  ulti¬ 
mately  be  supported  effectively  and  efficiently 
throughout  its  planned  life  cycle  is  logistic 
support.  An  objective  is  to  consider  both 
the  internal  characteristics  of  equipment  de¬ 
sign  (reliability,  maintainability,  human  fac¬ 
tors)  and  the  design  of  logistic  support  capa¬ 
bility  of  the  organizations  concerned. 

Economic  Acceptability 

The  characteristic  of  the  design  and  pro¬ 
duction  which  is  directed  toward  maximizing 
the  benefits  and  cost  effectiveness  of  the  over¬ 
all  vessel  configuration  is  economic  acceptabil¬ 
ity.  An  objective  is  to  base  design  decisions  on 
life  cycle  cost  in  addition  to  acquisition  cost 
(or  purchase  price). 

Social  Acceptability 

The  characteristic  of  design  which  is  di¬ 
rected  towards  ensuring  that  the  vessel  can 
become  an  acceptable  part  of  the  social  sys¬ 
tem.  Here  the  objective  is  to  seek  minimum 
pollution,  ease  of  disposal,  minimum  safety 
risk,  high  transportability  etc. 

INTEGRATED  FRONT-END 
DESIGN 

In  order  to  encompass  all  aspects  of  the 
life  cycle  of  a  ship  at  the  design  stage,  it  is  nec- 
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essary  to  perform  a  series  of  analyses  regard¬ 
ing  all  concepts  of  design  mentioned  in  the 
previous  sections  and  integrate  them  within 
the  design  process  as  shown  in  figure  3. 


Needs  /  Requirements 


Operational  Constraints] 


Other  Constraints 


Design  for  Functionability 

Functional  Block  Diagram 

Hardware  Block  Diagram 

D  i 

Dz 

Da 

Dn 

Y _ S_ 


Life  Cycle  Analysis 


Reliability 


Maintainability 


Life  Cycle  Cost 


;  e 

LCCa  ~(LCCi  ,  Z=  1 ,7l) min 


No 


<(LCC a  <  LCC^f 


Yes 


Prelim,  and  detailed  design 


Fig.  3  Life  Cycle  Design 


LCCa  and  LCG,„  in  figure  3,  refer  to  the 
achieved  and  required  life  cycle  costs. 


(humidity,  shock,  vibration,  temperature  cy¬ 
cles)  and  transportation  profiles  for  the  ship 
exposed  to  frequent  movement  during  its  op¬ 
erational  life  are,  criteria  which  influence  the 
decisions  of  the  designers. 

Functional  Block  Diagram 

The  main  aim  of  producing  a  functional 
block  diagram  is  to  establish  a  breakdown 
structure  related  to  the  function  which  the 
vessel  is  expected  to  perform,  applying  the 
top-down  approach.  Thus  at  this  stage  the 
vessel  exists  as  a  collection  of  elementary  func¬ 
tions  which  have  to  be  performed  for  the  sat¬ 
isfactory  operation  of  the  vessel. 

Hardware  Block  Diagram 

The  basis  for  the  hardware  block  diagram 
activity  is  the  establishment  of  a  hardware 
breakdown  structure  of  a  ship  to  be  designed. 
This  is  based  on  top-down  approach  related  to 
the  hardware.  Therefore,  defining  the  struc¬ 
ture  in  this  way  the  ship  exists  as  a  collec¬ 
tion  of  assembled  units  grouped  in  logically, 
separated  entities.  For  each  further  break¬ 
down,  the  vessel  is  partitioned  into  its  basic 
building  blocks  that  provide  the  lowest  level  of 
the  breakdown  structure.  The  depth  for  the 
structure  is  based  on  the  need  that  is  required 
for  subsequent  analysis  steps.  The  hardware 
block  diagram  is  closest  representation  of  the 
ship  at  that  moment. 


Operational  concept 


Life  Cycle  Analysis 


The  operational  concept  is  a  description, 
qualitative  and  quantitative,  which  gives  the 
designers  the  boundaries  for  the  system.  The 
vessel  is  defined  and  constrained  by  these  cri¬ 
teria,  which  are  usually  determined  through 
the  requirements  of  the  customer  or  market 
demand.  In  many  cases  such  a  design  descrip¬ 
tion  is  performance  or  function  orientated, 
whereas  information  related  to  the  operating 
conditions  to  which  the  vessel  will  be  sub¬ 
jected  are  not  included.  This  information  is 
important  for  the  assessment  of  the  design. 
Environmental  conditions  which  the  machine 
is  subjected  to,  operating  profile  and  stresses 


At  this  point  of  conceptual  design  the 
ship  under  consideration  should  be  analyzed 
from  the  points  of  view  of  the  new  topics  de¬ 
scribed  in  the  section  “Design  For  Life”  above. 
Only  a  few  of  them  will  be  discussed  here. 

Reliability  Analysis.  Part  of  the  inte¬ 
gration  of  the  design  concept  is  that  reliability 
should  be  built  into  the  system  and  not  used 
for  measuring  performance  after  the  system 
has  been  built. 

In  making  reliability  block  diagrams  of  a 
ship,  the  individual  components,  their  appli- 
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cations,  stresses  and  tolerances  are  evaluated 
against  the  operating  modes  and  functions  of 
the  vessel  as  a  whole.  Thus,  the  design  goal 
in  attaining  high  reliability  rests  on  the  abil¬ 
ity  to  select  and  apply  those  components  and 
materials  that  meet  the  requirements. 

The  predictive  analysis  called  the  Fail¬ 
ure  Modes  and  Effects  Analysis  (FMEA)  [3] 
involves  an  inductive  approach  which  starts 
from  failure  and  goes  to  effects  on  the  system. 
It  identifies  potential  system  failures,  causes 
of  failures,  and  special  maintenance  charac¬ 
teristics  that  have  to  be  observed.  The  main 
aim  of  FMEA  is  to  identify  the  weaknesses  of 
design,  in  terms  of  high  failure  rate  items  [4], 

Maintainability  Analysis.  Failure 
characteristics  defined  by  FMEA  require 
maintenance  actions  to  restore  the  system  to 
its  satisfactory  condition  and  these  are  defined 
only  to  the  extent  that  a  task  has  to  be  car¬ 
ried  out.  There  is  no  definition  or  procedure 
as  to  how  to  carry  out  that  task.  The  activity 
which  accounts  for  maintenance  actions  which 
have  to  be  performed  and  the  necessary  re¬ 
sources  identified  is  called  the  maintainability 
analysis  [5]. 

Maintainability  characteristics  are  direct 
results  of  reliability  and  design  of  the  ves¬ 
sel.  The  main  aim  is  to  design  a  ship  in  such 
way  that  it  can  be  maintained  without  exces¬ 
sive  investments  of  time,  personnel,  materi¬ 
als,  facilities  and  support  and  test  equipment. 
Maintainability  can  only  seek  to  minimize  the 
resource  involved  in  the  performing  mainte¬ 
nance  actions,  whereas  their  elimination  can 
only  be  done  through  design. 

Thus  maintenance  actions  are  identified 
through  maintainability  analysis  and  they  are 
assigned  as  a  value  to  the  design  in  a  similar 
way  as  reliability  does  with  reliability  values. 

Safety  Analysis.  When  discussing  de¬ 
sign  for  functionability  it  was  mentioned  that 
apart  from  functional  requirements  and  needs, 
a  new  design  must  also  satisfy  the  legal  as¬ 
pects  and  meet  the  rules  as  laid  down  by  var¬ 
ious  regulatory  bodies.  A  large  proportion  of 


these  regulations  deal  specifically  with  safety 
aspects  of  the  design,  specially  when  design¬ 
ing  a  new  vehicle  intended  to  carry  passen¬ 
gers.  Numerous  disasters  in  the  recent  past 
kept  reminding  us  how  important  safety  con¬ 
siderations  are  and  also  indicated  the  inade¬ 
quacy  of  the  existing  regulations.  In  some  re¬ 
cent  publications  [6,  7]  it  has  been  suggested 
that  designers  should  not  be  satisfied  in  de¬ 
signing  only  to  the  regulations.  It  is  their 
professional  duty  to  look  at  the  safety  as¬ 
pects  more  closely  and  exploit  different  av¬ 
enues  and,  if  necessary,  review  the  whole  de¬ 
sign  process  to  ensure  that  safety  of  life  and 
property  is  not  put  at  undue  risk.  The  au¬ 
thors  support  this  positive  attitude  and  feel 
that  researchers  must  provide  guidelines  as  to 
how  these  improvements  should  be  made. 

In  this  paper  some  concepts  have  been 
covered  as  a  result  of  which  a  more  reliable 
vehicle  can  be  produced.  This  increase  in  re¬ 
liability  tied  with  other  concepts  covered  here 
will  improve  the  safety  standards  for  marine 
vehicles. 

Cost  Analysis.  Lately,  the  interest  in 
cost  after  the  purchase  has  grown  tremen¬ 
dously  among  users.  The  designers  and  pro¬ 
ducers  have  good  knowledge  of  the  fixed  cost 
of  investment  and  expense  of  development 
and  manufacture,  but  the  operating  and  sup¬ 
port  costs  must  be  forecasted.  A  way  to  de¬ 
termine  these  costs  is  through  the  application 
of  a  life  cycle  cost  analysis. 

Life  cycle  costs  include  the  costs  associ¬ 
ated  with  all  activities  pertaining  to  research 
and  development,  design,  test  and  evaluation, 
production,  distribution,  operation,  mainte¬ 
nance  and  support  and  disposal  costs. 

Each  component  has  a  fixed  cost  that  it 
contributes  to  the  entire  system  giving  a  total 
life  cycle  cost. 

Although  it  is  difficult  to  state  how  cer¬ 
tain  costs  will  behave,  it  is  possible  to  relate 
the  factors  that  influence  cost  behavior.  The 
most  influential  factors  are:  components  reli¬ 
ability;  maintenance  efforts  to  restore  opera- 
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tion  and  its  support;  unit  cost  of  components; 
and  the  environment  in  which  the  system  op¬ 
erates. 

Integration  of  All  Analysis 

Designers  are  continually  faced  with 
the  problem  of  choosing  among  alternative 
courses  of  action  in  designing,  producing  and 
operating  the  vessel.  Many  factors,  some  tan¬ 
gible  and  some  intangible,  must  be  considered 
before  a  decision  is  made. 

Despite  the  fact  that  they  have  very  dif¬ 
ferent  natures  all  these  decision-making  fac¬ 
tors  can  be  correlated  to  a  single  factor:  life 
cycle  cost.  It  is  necessary  to  underline  that 
this  is  not  accounting  costs  (historical  costs) 
which  show  what  has  happened  under  existing 
conditions.  This  is  the  future  cost  which  rep¬ 
resents  what  is  expected  to  happen  under  an 
assumed  set  of  conditions.  This  would  answer 
an  important  question:  What  would  happen 
if  this  was  done?  Relevant  design,  reliabil¬ 
ity,  maintainability  and  supportability  infor¬ 
mation  are  inputs  to  a  life  cycle  cost  model  of 
the  vessel  under  consideration  and  its  opera¬ 
tional  environment.  This  is  a  projected  figure 
of  merit  for  the  current  design. 

OPTIMIZATION  CRITERION:  LIFE 
CYCLE  COST 

As  the  reliability  analysis  determines  the 
reliability  of  the  system,  the  maintainability 
analysis  quantifies  the  maintainability  figures 
of  the  system,  and  the  supportability  analy¬ 
sis  determines  what  resources  are  to  be  ex¬ 
pected  to  maintain  the  system,  the  life  cycle 
cost  analysis  determines  a  cost  figure  in  the 
overall  measure  of  merit  based  on  the  design, 
production/construction,  operation,  support, 
maintenance  and  retirement  of  the  system. 

At  the  end  of  one  round  through  the  de¬ 
sign  spiral,  we  get  only  one  set  of  values. 
But  what  happens  when  design  changes  or 
a  component  has  changed  with  different  re¬ 
liability  and  different  maintenance  require¬ 
ment?  The  designer  must  recognize  that  one 
round  through  the  spiral  gives  us  only  a  static 


view  of  the  design.  Part  of  the  solution  to 
this  problem  is  utilization  of  life  cycle  cost 
which  enables  us  to  measure  and  quantify  the 
changes  made  at  a  design  stage  against  a  dif¬ 
ferent  configuration.  The  whole  decision  mak¬ 
ing  process  during  the  design  stage  rests  on 
the  premise  that  the  design  can  be  quanti¬ 
fied  through  a  cost.  Changes  to  the  system 
have  an  overlying  decision  criteria  that  en¬ 
compasses  the  key  design  parameters. 

The  design  aims  of  high  performance  and 
reliability,  low  maintenance,  and  cost  have  a 
mechanism  to  trade-off  each  goal  against  the 
others.  Alternatives  in  design  are  evaluated  in 
each  of  the  steps  of  analysis  and  are  quantified 
through  the  life  cycle  cost  analysis. 

In  any  design  alternative,  varying  factors 
assist  the  decision  making  process.  For  exam¬ 
ple,  one  alternative  component  might  perform 
the  same  function  with  a  higher  unit  cost,  but 
has  a  significantly  lower  failure  rate  and  de¬ 
mands  more  highly  qualified  technicians  for 
maintenance  than  the  alternative.  The  com¬ 
mon  denominator  through  this  process  is  the 
decision  making  cost:  life  cycle  cost. 

Effectiveness  Factors 

In  order  to  quantify  the  effectiveness  fac¬ 
tors  of  the  system  under  consideration  it  is 
necessary  to  consider  the  following: 

*  System  performance/technical  parame¬ 
ters:  capacity,  delivery  rate,  range,  vol¬ 
ume,  speed,  weight  and  similar; 

*  System  operational  and  support  param¬ 
eters:  availability,  capability,  operational 
readiness,  reliability,  maintainability,  and 
so  on; 

*  System  life  cycle  cost:  research  cost,  de¬ 
sign  cost,  production  cost,  operation  and 
maintenance  cost,  retirement  and  dis¬ 
posal  cost. 

Thus,  figures  of  merit,  FOM,  which  quan¬ 
tify  the  effectiveness  of  the  system  should  es¬ 
tablish  a  relationship  between  the  above  men- 
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tioned  categories.  Some  possible  figures  of 
merit  are  mentioned  below: 


design  which  can  be  custom  made  to  be  ap¬ 
plied  to  ship  design. 


FOM 

FOM 

FOM 

or  other. 


availability 
life  cycle  cost 
reliability 
life  cycle  cost 
system  capacity 
operational  range 


The  benefit  of  the  effectiveness  of  FOMs 
is  particularly  appropriate  in  the  evaluation 
of  two  or  more  alternatives  when  decisions 
involve  design  and  operational  parameters. 
Each  design  configuration  (D,  in  figure  3)  is 
evaluated  in  a  consistent  manner  employing 
the  same  criteria  for  evaluation  which  cover 
the  whole  life  cycle  horizon  of  the  system  un¬ 
der  consideration. 

CONCLUSION 


This  paper  has  examined  some  new  con¬ 
cepts  for  inclusion  at  the  conceptual  stage  of 
design  of  a  marine  vehicle  in  order  to  mini¬ 
mize  some  of  the  deficiencies  currently  present 
in  ship  design  practice. 

The  notion  of  design  for  life  cycle  was  dis¬ 
cussed,  by  first  looking  at  the  current  trends 
in  ship  design  and  looking  at  some  shortcom¬ 
ings  there-in. 

Reliability,  Maintainability,  Supportabil- 
ity  and  some  other  related  concepts  and  their 
application  to  ship  design  were  discussed,  in  a 
qualitative  manner.  A  quantitative  approach 
requires  much  elaboration  which  is  outside  the 
scope  of  this  paper,  and  has  already  been  car¬ 
ried  out  in  a  series  of  lecture  notes  in  connec¬ 
tion  with  short  courses  for  the  industry  at  the 
University  of  Exeter. 

Some  software  has  already  been  devel¬ 
oped  by  commercial  firms  [6],  and  work  has 
recently  been  completed  at  the  Center  for  In¬ 
dustrial  Reliability  and  Cost  Effectiveness  at 
the  University  of  Exeter,  to  develop  an  inte¬ 
grated  software  package  for  life  cycle  system 
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